for lung carcinoma has been carried out. The follow-up was designed to give as much information as possible on the cause of death following operation, particularly over the long term. During this study it became clear that many patients developed fresh evidence, primarily radiological, of lung carcinoma at varying times after operation. This appeared to be more frequent than the literature suggested and to be a problem of sufficient size to consider the possibility of further operative treatment in an attempt to arrest the progress of the disease. This and other aspects considered in this paper have already been fully discussed by Hughes and Blades (1961) in their report.
By concentrating principally on patients for whom further surgery seemed justifiable, much information on the natural history of other aspects of the disease after operation has probably been lost. This paper describes the different patterns of development of fresh carcinoma and adds information on the important matter of the development of fresh primary lung tumour or tumours, properly described by Le Gal and Bauer (1961) as a complication of successful lung cancer surgery.
It would be simpler to discuss only those patients thought to have developed further primary tumours. By including all the manifestations of extension it may be easier to form an opinion on the evidence put forward that a proportion of patients develop fresh primaries rather than metastases.
Chest radiographs at four-monthly intervals on every patient operated upon, from the date of operation to death, provide the basis for this study. When a fresh radiological shadow, presumably due to lung carcinoma, appeared, the origin of the shadow and its treatment comprise the clinical problems.
METHOD OF FOLLOW-UP
The following requirements were considered necessary for an adequate follow-up. The followup had to be complete, it had to include every patient, and it had to be personally carried out; the patient had to be asked to travel a minimum distance, and radiographs had to be taken at least twice yearly to death.
In no case has the patient's private doctor been asked to state the cause of death, although help has been obtained in discovering why the patient failed to attend the follow-up clinic.
The actual .method of follow-up (carried out from 1952 to the presenit time) is simple and traditional. At the time of operation the patient's name, the type of operation, and the date are entered in a central register. On discharge from hospital the patient is seen at one of seven clinics held each fortnight; the one nearest his home is chosen. At the clinic a radiograph is available at each visit, and at the time of the visit the patient's name is entered under a date two to six months ahead, depending on the time since operation, in a book held by the surgeon at the clinic. The advantages of this are twofold-the date of the next visit is registered as it is given to the patient, and it is independent of the normal hospital record system. If the patient fails to keep this appointment the date is carried forward two weeks in the clinic book; if this fails, the patient's doctor is contacted. The information obtained at the peripheral clinic is entered in the central register, from which it can be readily seen if a patient has not been examined in any quarter of the current year. The failure of any patient to attend the clinic can be confirmed in a few moments. Deaths are removed from the current central register. Readmission to hospital for bronchoscopy, other investigation, or treatment is recommended when necessary.
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In a follow-up of this sort, we consider inconvenience to the patient to be negligible. It is estimated that a patient under follow-up from 1952 to 1965 has spent some 72 hours in 13 years in travelling to hospital, having radiographs taken, and being clinically examined. This method has given as complete information as it is possible to obtain from clinical examination, cytological examination of the sputum, and chest radiography on all but seven of the patients discharged from hospital after operation. Of these seven, five have moved from the area of personal follow-up; of these five, two have died from multiple metastases and three are alive and their radiological follow-up continues elsewhere. Belcher and Anderson (1965) . The entire group of 650 patients were followed up by the method described.
The pneumonectomy patients will not be discussed because of the rarity of fresh carcinoma appearing in the contralateral lung. Metachronous fresh primary tumours have appeared in the remaining lung in only four post-pneumonectomy patients to date, and we have never considered further surgery in a patient who has previously undergone pneumonectomy.
Lobectomy in our patients was carried out when this operation appeared to allow total removal of macroscopically involved lung and hilar glands. All these resections, therefore, were potentially curative. In spite of the high incidence of locally recurrent carcinoma and fresh primary carcinoma after lobectomy, the long-term results are acceptable. From the total of 269 lobectomies, 121 were carried out more than five years ago, and 42 of these lived for more than five years (34-6% fiveyear survival). Four died in hospital (322% operative mortality). Of the 12 segmental resections, three are free of evidence of recurrence more than four years after operation; one died six years after operation from coronary thrombosis and at necropsy no residual tumour was found throughout the body. One died five years after operation from extension of the tumour locally and to the brain. Four (Fig. 2) . At bronchoscopy no tumour was visible. Re-operation was considered but rejected on the grounds of age and diminished respiratory reserve. The patient's condition deteriorated rapidly. Superior vena caval obstruction was not relieved by radiotherapy and he died six months after the development of the new shadow and nearly six years after lobectomy. At necropsy metastatic deposits from the original tumour were confined to the glands adjacent to the azygos vein. There were no involved contralateral mediastinal glands, no bronchial involvement, and no other evidence of tumour throughout the body. Bronchopneumonia was the cause of death.
In another of these seven patients, a fresh shadow appeared in the radiograph four and a half years after right lower lobectomy. Penetration of the oesophagus and the right main bronchus by extension from this localized glandular deposit of tumour led to an oesophago-bronchial fistula, which caused the patient's death. Necropsy confirmed this as the only evidence of recurrence throughout the body.
FRESH PRIMARY LUNG TUMOUR From the total of 269 lobectomies being followed up, a fresh tumour regarded as a fresh primary lung carcinoma has developed in 19 patients. Of these 19 patients. 12 have been operated upon a second time and two of these 12 patients three times (Table IV) .
Excluded from the series but mentioned to complete the statistics are one patient who developed a fresh isolated tumour four years after lobectomy for an alveolar-cell carcinoma and three patients with what were considered bilateral synchronous tumours at the time of diagnosis. For technical reasons none of these patients was operated upon, and for this reason they are excluded from further study. , and P12) in this series is a finding to be explained. Direct mucosal infiltration was excluded in one patient and highly unlikely in the other two, so circumscribed were the tracheal lesions. The rarity of spontaneous tumours of the trachea is apparent, and the finding of isolated tracheal deposits at necropsy is equally so. Because of the possibility of tumour spread by bronchial implantation, we no longer biopsy or disturb the necrotic, proliferative, endobronchial carcinoma at bronchoscopy.
ESTABLISHMENT OF DIAGNOSIS OF SECOND
Lymphatic or blood-borne metastasis as a cause for the second lesion is not one we favour. The absence of lymph-gland involvement at the first or second operation makes retrograde lymphatic permeation unlikely. The possibility of bloodborne metastases by the bronchial circulation exists. We have encountered an isolated bloodborne metastasis to the brain as the only evidence of tumour throughout the body at necropsy in a patient four and a half years after lobectomy. If metastasis isolated to the brain can occur, there is no reason why it could not occur in the opposite 6 group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from lung as an isolated metastasis. Tumour-cell aggregates may lie dormant for years before presenting as recognizable tumours, but the rapidity with which the second lesion develops after a long latent interval seems to justify an assumption that this rate of growth is inherent in the second tumour from its inception. The hypothesis that a metastatic deposit may be present, yet radiologically invisible, for up to 10 years and abruptly grow to a tumour of significant proportions, is not easy to understand, although not exclusive.
Those interested in establishing the existence of multiple primary tumours in the lung have used different criteria. Robinson and Jackson (1958) quote Billroth (1879); Hughes and Blades (1961) state 'following pulmonary resection, carcinoma in the bronchial mucosa of other parts of the lung may represent the development of a new primary lesion'. Langston and Sherrick (1962) , Glennie, Harvey, and Salama (1964) , and Watson, Cameron, and Percy (1964) quote the criteria of earlier workers. Watson et al. (1964) in their review paraphrase Goetze's (1913) criteria as (1) the gross and microscopical appearances of the tumours must correspond to those of the usual primary carcinomas of the organs concerned; (2) the likelihood of one tumour being a metastasis from the other must be positively excluded so far as this is possible; (3) the diagnosis is supported by the presence of some known common predisposing factor or by each tumour producing its own metastases. Payne et al. (1962) describe factors in favour of a pulmonary tumour being primary rather than metastatic. Although these factors were described to distinguish primary lung tumours from tumours in the lung secondary to carcinoma elsewhere in the body, equally they help in recognizing a second lung primary. Shields, Drake, and Sherrick (1964) regard the criteria of Warren and Gates (1932) as helpful but not final. The criteria as described are: each of the tumours must present a definite picture of malignancy; each must be distinct and the possibility of one being a metastasis of the other must be excluded. Shields et al. (1964) state with justification 'the last possibility is, of course, difficult to resolve'. Cliffton, das Gupta, and Pool (1964) considered only one of their three cases of second lung primary as being proved. In this patient the two tumours examined after removal were of different histology. Another patient had an interval of over 10 years between operations. These authors consider this time interval as suggestive of a second primary but not conclusive. Brock (1964) Information on the point of origin of the second tumour from bronchial mucosa at microscopy is not complete, although in their gross characteristics these tumours appeared to originate from the mucosa. Inevitably, necropsy findings are not available for all patients. The most unusual multiple primary patient we have treated will be described. CASE P11 (Table V) A heavy smoker, aged 59 at the time of right lower lobectomy for a squamous-cell tumour (Fig. 3) (Fig. 4) . A right middle lobectomy was successfully carried out in April 1962; microscopy confirmed that this tumour originated in the bronchial mucosa. He remained well and at work, but, without the development of any fresh symptoms, his radiograph showed a shadow in the left upper lobe (Fig. 5) . In March 1964, a segmental resection of the left upper lobe was performed. Each of these three tumours was a poorlydifferentiated squamous-cell carcinoma. The radiographic appearances are shown in Figure 6 .
The patient returned to work five weeks after this operation. He remained well for five months following this third resection. Abruptly, on getting out of bed one morning, he noted tinglings in both legs. Later the same day he was admitted to hospital, where On sectioning through the cord the first abnormality was noticed at T2, where there was a brownish fleck in the left anterior horn. There was in addition a whitish opaqueness of the posterior columns, especially the fasciculus of Goll, which was present at all higher levels and was no doubt due to ascending Wallerian degeneration. At T4 the differentiation between grey and white matter in the cord could scarcely be made out. At T9 there was an obvious central softening of the cord, which was filled with cheesy material. This became more extensive at Tll, where the whole of the posterior columns were softened, and at T12 there was only a thin rim of unsoftened tissue. After L4 the cord became a little firmer, but the differentiation of cord and white matter remained indistinct until the lower sacral region.' (Dr. A. L. Woolf.) The significance of these changes is uncertain. From the lung tissue remaining at necropsy Dr. van der Merwe removed the whole of the mucosa of the main bronchi and the residual segmental bronchi as completely as was technically possible and submitted this preparation to detailed microscopic examination. Although no significant pre-malignant changes were observed, he detected a microscopic tumour growing in and from the bronchial mucosa. There seems to be no doubt that this represented an early stage of a fourth squamous-cell primary carcinoma.
DISCUSSION
Discussion will be confined to those patienits who developed a second primary tumour. In using this descriptive term it is not suggested that this mode of origin has been proved, or that disagreement would arise if it was claimed thait some of the lesions have some of the features of metastases. The principal concern in this paper is the management of the patient presenting with a fresh lesion after surgery. Before discussing the practical considerations, a theoretical question which has forced itself to our notice is the effect of the removal of the first primary on the development of the second. This importan,t aspect is discussed at length by Cole, McDonald, Roberts, and Southwick (1961) . They state that 'almost all surgeons can recall patients whose tumour appeared to grow rapidly or even in an explosive fashion after operation'. Their chapters on 'The Role of Stress in the Resistance to Cancer' and 'Facts in Immunology of Cancer as Related to Dissemination' are of interest. In the field of lung cancer surgery it seems possible from our experience that more than a mechanical removal of the tumour follows resection. Its removal may inhibit the antigenic effect of this tumour, or in some other way promote dissemination of the primary or the development of a second primary. Expressed in another way, the balance that exists between host-resistance and tumour may be influenced unfavourably by resection of the primary and predispose to the development of a second or even a third primary, a hypothesis worth exploring if, in fact, a primary carcinoma of the lung of spontaneous origin in the human being has antigenic activity. Animal experiments were carried out by Schatten (1958) in which tumour cells were injected into the hind leg of the mouse, followed by amputation on about the twenty-first day. In 36 control mice having no amputation, lung metastases were found in 72% ; in 33 animals having the leg amputated, metastases were present in the lung in 100%. This suggests that, by some mechanism, removing the primary by amputation decreased the animals' resistance to the cells which had desquamated from the tumour and lodged in the lungs before amputation was performed. To demonstrate that the effect was not simply due to operative trauma, the normal leg was removed in further experiments, and the same results were obtained as in the controls. Quoting this author's work, Cole et al. (1961) state that this may be interpreted as indicating that trauma had no influence on the incidence of metastases, and they agree with Schatten's suggestion that the increase in metastases is due to removal of the inhibitory effect of the tumour on metastases when the tumour is excised. They do state, however, that the problem is apparently not so simple.
The hypothesis that removal of the first primary hastens the development of a second is based on an estimate of the course of the disease if left untreated. It could be concluded that removal of the first primary allows survival long enough for the patient to develop a second primary, which would have developed regardless of treatment of the first, and further, that freedom from clinical extrathoracic metastases in these patients was a result of early detection of the original lesion. The production of apparently multiple primary tumours confined to the lung is not, however, a way in which untreated carcinoma of the lung commonly progresses.
More can be said against this hypothesis, namely, that two primaries do grow simultaneously (Britt, Christoforidis, and Andrews, 1960; Peterson, Pirogov, and Smulevich, 1963) , and that, at the patient's death from one primary, a second is occasionally found elsewhere in the lung as a chance finding at necropsy (cases reviewed by Watson et al. (1964) ). It is thus no more than an unsupported clinical impression that in some cases the patient's bronchial mucosa, predisposed to undergo malignant change, is in some way influenced to continue to produce tumours through removal of their predecessors. If this contained any element of fact, survivors from radiotherapy where the tumour's antigenic effect remains should have a significantly lower incidence of development of fresh lung primary than after resection, provided that comparable clinical cases are being compared. There is little available information on this point. We feel that the presence of attenuated tumour in the body may have an antigenic effect and that if a method of producing such diminished vitality can be established, it could be a means whereby the patient and the tumour could in some cases of lung carcinoma exist in symbiosis over a longer natural course than is at present possible. The effect is not envisaged as arising simply from the attenuation of the tumour reducing growth rate, but from the protective effect of maintained antibody in contrast to a supposed reduction in antibody which follows total resection of the primary. Nor need this effect exist in any but a very small group of tumours. Tumours suitable for lobectomy represent a small proportion of all lung carcinomata. As far as differences between tumours are concerned, we believe an oat-cell tumour and a peripheral squamous-cell tumour are as different (even though both occur in the lung) in their aetiology, management, and prognosis as two diseases of the blood such as pernicious and aplastic anaemia. To classify all lung carcinomata as one disease over-simplifies a complex problem. INCIDENCE In discussing the total incidence of second primary carcinoma after successful lobectomy, an exact figure cannot be reached until all the patients in a series have died and the cause of death is known in each case. All that can be stated in our series is that, from 269 lobectomies carried out between 1952 and 1965, so far 19 of these patients have developed fresh primary tumours. The incidence of fresh lung primary is 6-8%. Of these 19 patients, three have developed more than two primary tumours (patients PlO, Pll, and P12). As the remaining survivors from these 269 lobectomies die, an unknown number will die with evidence of a second primary or die from second primary tumours, and the incidence will therefore rise. Furthermore, the figure of the incidence at the time of death of the last survivor can only provide a figure of the incidence of second primary tumours which have reached the stage of clinical recognition during the life of the patient. It is apparent that fresh tumour may be present and only recogniza-ble by a meticulous microscopic examination of the whole of the bronchial mucosa from necropsy material (case Pl1, Table V) .
With these limitations of the accuracy of figures for total incidence exposed, our figure of 6-8% compares closely with the figure of 6-4% presented by Le Gal and Bauer (1961) . These authors followed 63 patients who had survived lobectomy or pneumonectomy by 30 months; they encountered second primary tumours in four patients. As in our series, it is assumed that not all the survivors were followed to death. Neither group of patients was in contact with any known occupational carcinogen.
Classification of multiple primaries into synchronous or metachronous is customary. The numbers in each group depend in part on the means whereby the two tumours are discovered. The discovery of two tumours at necropsy, for instance, would warrant a description of synchronous primaries, although it does not necessarily follow that their appearance during life was simultaneous. Watson et al. (1964) collected 76 cases from the literature, and, of these, 64 were synchronous, the high incidence of cases described as synchronous being due, presumably, to a preponderance of necropsy material.
In life we have observed only three patients with synchronous primaries (none was operated upon) but 19 patients with a second primary appearing after an interval. If radiographs of the patient's chest are taken as soon as symptoms appear, or if frequent mass miniature radiography films are taken, the synchronous double primary will be seen less frequently. In case PlO (Table IV) , it seems likely, had the first chest radiograph been delayed for three months, that both the lesions would have shown in the same film and the two primaries would thus have been classified as synchronous.
PATHOLOGY The first and subsequent primary lung tumours we describe have, on the microscopic evidence, been classified by Dr. Shinton as squamous-cell tumours using the classification of Shinton (1963) . The lack of agreement over histological classification is fully discussed in this author's paper. Willis (1953) discovered a heterogeneous or variable microscopic structure in 23% of necropsy specimens. Le Gal and Bauer (1961) discussed the propensity of lung cancer to show varying histological patterns in different areas of the primary. Shields et al. (1964) (Fig. 7) , progressed satisfactorily until 1963. He was then found to have developed a symptomless, fresh primary tumour in the right upper lobe (Fig. 8) . Bronchoscopy showed contraction of the lobar bronchus but no actual tumour. He was given radiotherapy, but the lesion progressed. Deposits in the right supraclavicular glands and the signs of superior vena caval obstruction appeared within three months. He died seven months after the first radiological abnormality noted in follow-up and nine and a half years after operation. CASE P14. A man, who had previously suffered from bilateral pulmonary tuberculosis, was aged 54 at the time of a left lower lobectomy in 1955 for a squamous-cell carcinoma (Fig. 9) . He progressed satisfactorily until 1965, when a fresh, symptomless primary tumour developed in the right lower lobe (Fig. 10) . The sputum contained abundant malignant cells, but no tumour was visible at bronchoscopy. The patient's condition rapidly deteriorated and he died in coma from a cerebral secondary four months after the first appearance of the second primary and 10 years after operation.
The remaining 12 patients have been operated upon again; 10 patients have had second operations and two have been operated upon three times (Tables IV and V) No patient has refused a second operation, and the tumour has been removed in each patient. No patient has been explored and the tumour found inoperable; this can be related to early detection by frequent radiography.
The diagnosis of the neoplastic nature of the lesion, based initially on the radiographic appearances, has never been incorrect. No patient has been re-explored and a lesion other than a carcinoma found, although this might occur. The diagnosis before the second operation has been confirmed in only three of the patients by bronchoscopy. The patient's suitability for resection has been assessed by the 3ame methods as at the original operation. No patient has died and none has been made materially worse as a result of the second operation. It is too soon to make a comparison between the results of re-operation and of treatment by some other method. The problem remains whether or not the fresh primary should be resected. Factors to be discussed must, however, have a bearing on the problem. The poor results from treatment by methods other than resection and the frequency with which a fresh primary has developed seem adequate reasons for a policy of re-operating upon the fresh primary as early as possible. It Insufficient information has come from this study to enable the patient who will develop a second primary to be recognized at the time of the first operation. The extent to which the first resection should be modified because of the possibility of having to re-operate is therefore debatable. Some heavy smokers with squamouscell carcinoma develop second primaries, but many do not. We have not thought the possibility of a second primary sufficient reason for resecting less than a lobe at the time of the first operation. In the few patients in whom evidence of carcinoma in situ has been sought from areas removed from the tumour in the resected specimen, no significant changes in the bronchial mucosa have been found. It seems unlikely, therefore, that worth-while evidence would consistently come from biopsy of the bronchial mucosa of the contralateral side in an attempt to establish an increased likelihood of the development of carcinoma in this lung at a later date. Had pre-malignant bronchial changes been found, more justification would exist for a conservative first operation. Many people have been concerned with the followup of these patients and I am grateful to them for their help. I am indebted to Dr. N. K. Shinton for his classification of the tumours and to Dr. S. B van der Merwe for his report on an examination of the entire bronchial mucosa of patient P11. My thanks are also due to Dr. A. L. Woolf for his report on the spinal cord of the same patient.
